Subfascial endoscopic perforator surgery (SEPS) is a new, minimally invasive technique performed in patients with advanced chronic venous insufficiency. The objective of the operation is to interrupt incompetent medial calf perforating veins to decrease venous reflux and reduce ambulatory venous hypertension in critical areas above the ankle where venous ulcers most frequently develop. Patients with stasis skin changes and healed or active venous ulcerations are potential candidates for the operation. Preoperative evaluation is performed with duplex scanning of the superficial, deep and perforator system, to diagnose both obstruction and valvular incompetence. Results of the North American SEPS Registry (NASEPS) as well as experience in several individual centers confirmed that the operation has significantly fewer wound complications than the classic open surgical techniques, and that rapid ulcer healing can be achieved. At the Mayo Clinic an ulcer recurrence rate of 12% was observed, with recurrence significantly more frequent in post-thrombotic limbs than in patients with primary venous valvular incompetence. The NASEPS Registry report confirmed a 2-year cumulative ulcer recurrence rate of 28%; ulcer recurrence was significantly more frequent in post-thrombotic limbs, especially in those with deep venous obstruction.
Introduction
Venous ulceration is an uncomfortable, often painful and distressing medical condition that may result in a change in lifestyle, disability and loss of working days. Non-operative management can usually heal the ulcer, but time to healing is frequently prolonged, adherence to compression treatment is cumbersome and in a warm climate wearing elastic stockings is annoying for many patients. Most importantly, ulcer recurrence remains an unsolved problem. Even in the best series using non-operative management, ulcer recurrence at a mean follow-up of 30 months was 33% and all ulcers recurred in non-compliant patients. 1 In a study that followed results of non-operative management using Unna's boot and compression stockings in 99 limbs with venous ulcers, Erickson et al reported a 92% healing rate but a disappointing 56% ulcer recurrence (Table 1) . Frustration with non-operative management led to the development of new surgical techniques to decrease venous reflux and improve chances of prolonged ulcer healing. Few operations in venous disease have attracted as much attentionand controversy -as subfascial endoscopic perforator surgery (SEPS).
Division of incompetent perforating veins of the calf to treat patients with venous ulcers was first recommended by Robert Linton in 1938. 2 His procedure included a long skin incision made on the medial aspect of the leg to access all incompetent communicating veins that connnect the superficial with the deep venous system. The original Linton operation to prevent reflux through incompetent perforators and to decrease ambulatory venous hypertension at the ankle area is rarely performed today. Wound complications, associated with the long skin incision made in diseased skin, were frequent and hospitalization was prolonged. 3 Therefore, variations of Linton's techniques were developed in subsequent years. These included the use of short longitudinal or transverse skin incisions to lessen the risk of wound complications, ligation of perforators above rather than under the fascia, or blind avulsion of the perforators by passing a shearing instrument in the subfascial space. [4] [5] [6] [7] [8] While wound complications were fewer, these operations lacked adequate visual control and undoubtedly missed important incompetent perforating veins. Endoscopic techniques have clear advantages because they improve visual control of perforator interruption, decrease wound complications and shorten hospital stay. A prospective randomized study that compared SEPS with the classic, open perforator ligation was reported recently. 9
The hemodynamic significance of perforating veins
The association of incompetent perforating veins with venous ulcers was observed in classic studies of Linton, Cockett and Dodd. 2, 5, 10 This association was observed even by those who did not attribute much hemodynamic significance to perforators. 11 In three reports, which included a variety of medical and surgical patients with venous ulcers, the prevalence of incompetent perforating veins was between 56% and 63% of the limbs studied. [12] [13] [14] While the pathophysiology of chronic venous insufficiency at the cellular level continues to be a topic of much controversy, most authors agree that venous hypertension is the most important factor responsible for the development of skin changes and venous ulceration. Reflux of venous blood due to primary or post-thrombotic valvular incompetence remains the most important cause of venous hypertension. Linton 2 and, later, Cockett and Jones 4 recognized the importance of ambulatory venous hypertension and attributed a key role to the incompetence of perforating veins of the calf. The importance of incompetent perforators is supported by the observation that skin changes and venous ulcers usually develop above the medial malleolus, where large incompetent medial perforating veins are located. Perforator vein incompetence can raise pressures in the supramalleolar network well above 100 mmHg during calf muscle contraction, a phenomenon Negus described using the analogy of 'broken bellows'. 15, 16 The presence of incompetent perforators, however, may not signify an important contribution in the pathogenesis of venous ulcers: a key point of much controversy. Evidence, however, has accumulated to support those who favor perforator interruption. Using Doppler ultrasound and ambulatory venous pressure measurements to assess the functional significance of incompetent perforating veins, Zukowski and Nicolaides found that 70% of incompetent perforators were of moderate to major hemodynamic significance. 17 These authors also confirmed that hemodynamic deterioration caused by incompetent perforators correlated with the severity of chronic venous insufficiency (CVI). Using Duplex scanning, Labrapoulos, in a recent report, found significant correlation between the number and size of incompetent perforating veins and the severity of CVI. 18 Data on hemodynamic improvement following perforator ligation, as discussed later, have also been documented in several studies, although a lack of clinical and functional improvement after surgery was also observed by some. [19] [20] [21] Vascular Medicine 1999; 4: 173-180
Indications for SEPS
Patients with advanced CVI, who belong to clinical Class 4 (lipodermatosclerosis), Class 5 (healed ulcer) or Class 6 (active ulcer), based on the updated classification of the Committee of Reporting Standards of the Joint Vascular Societies, 22 are potential candidates for the operation. Preoperative evaluation should reveal the etiology of the disease (primary or post-thrombotic), the underlying pathophysiology (reflux, obstruction or both) and the site of the venous pathology (superficial or deep perforating veins, alone or in combination). Rarely, patients with congenital anomalies of the venous system, such as those with Klippel Trenaunay syndrome, can also be evaluated for perforator ligation.
Preoperative evaluation
In addition to history-taking and physical examination, complemented with a hand-held Doppler examination, tests used include strain-gauge or air plethysmography, color flow duplex scanning, or, selectively, ascending and descending contrast venography, magnetic resonance venography or computed tomography.
To quantitate the degree of calf pump dysfunction, confirm global valvular incompetence and exclude functional venous outflow obstruction, strain-gauge plethysmography (Phlebotest, Eureka Medical Lab, Bromma, Sweden) is used in the author's laboratory, with a modified, validated protocol of Struckmann. 23 Technical details of the test, which includes exercise venous plethysmography, passive refill and drainage, and strain-gauge outflow plethysmography, were reported recently. 24 Color duplex scanning has become, however, the most important test for patient selection and preoperative evaluation. 25 This includes examination of the greater saphenous vein and deep veins for obstruction and valvular incompetence and of the perforating veins to confirm the diagnosis of valvular incompetence. Perforator vein incompetence is confirmed by bidirectional flow on a duplex scan in a patient examined in the 70°semi-erect position on a tilted table, with full weight bearing on the contralateral lower extremity. Only if bi-directional flow is seen on the color duplex scan do we proceed with endoscopic perforator division. While ascending and descending venography was used in every patient in our early experience, we now reserve venography for those rare patients who have evidence of significant deep venous occlusive disease.
Before perforator ligations are carried out, an attempt should have been made to treat the ulcer non-operatively. The presence of an active ulcer, however, is not a contraindication to proceed with surgical treatment, but an infected ulcer, cellulitis or eczema must first be treated nonoperatively to decrease chances of wound complications. Adequate local care of the ulcer is complemented by fitting the patient with graduated compression stockings, advising frequent elevation of the leg and in some cases bed rest.
Endoscopic surgical techniques
Endoscopic subfascial interruption of incompetent perforating veins was introduced in Europe in the mid-1980s by Hauer 26 and Fischer. 27, 28 Using a single scope for viewing and as a working channel, much experience has been accumulated in Switzerland and Germany. 29 Favorable results using different types of endoscopes and mediastinoscopes were also reported by others. 9, [30] [31] [32] [33] [34] The concept of using laparoscopic instruments, which were introduced for performing minimally invasive abdominal procedures, was first reported by O'Donnell. 35 While his team used water dissection of the subfascial space, we introduced CO 2 insufflation to enlarge the subfascial plane; we also used laparoscopic instrumentation with two endoscopic ports and applied a thigh tourniquet to obtain a bloodless field and to prevent gas embolism (Figure 1 ). 36 Independent from us, Conrad started gas insufflation, without the use of a tourniquet, in Australia. 37 The perforating veins are mapped with duplex scanning before the operation and the veins are either clipped and divided by endoscopic scissors Figures 2 and 3 ) or they are divided with an ultrasonic harmonic scalpel. All medial perforating veins, including those located in the intermuscular septum or in the deep posterior compartment, are divided from the proximal third of the calf down to the ankle, anteriorly to the edge of the tibia and posteriorly to the midline. If the patient has an incompetent superficial system, then stripping of the saphenous vein and varicose vein avulsion is performed through small stab wounds. Perioperatively, non-fractionated or low molecular weight heparin is given subcutaneously twice daily to patients with recurrent episodes of deep venous thrombosis or with known coagulation abnormality. The operation is an outpatient procedure and patients are discharged within 24 h, usually after overnight observation. Ambulation is permitted 3 h after the operation.
Results of endoscopic perforator interruption
Results of the Mayo Clinic experience, which included 57 consecutive SEPS procedures, were recently reported. 38 Some 22 patients had active and 20 had healed ulcerations. A total of 20 limbs had post-thrombotic syndrome and 37 had primary valvular incompetence without any evidence of previous deep vein thrombosis. Concomitant ablation of saphenous reflux was performed in 41 limbs. The number of perforating veins divided averaged 4.9 Ϯ 0.2 (range: 1-11) per limb. Minor wound complications occurred in 5% and one patient with known inferior vena cava occlusion had recurrent deep venous thrombosis within 30 days. Another patient with protein C deficiency developed recurrent deep venous thrombosis at 2 months after the operation. No mortality or pulmonary embolism occurred. Follow-up averaged 17 months and extended to 52 months after the operation.
Significant clinical improvement was observed in 54 of the 57 limbs and 28 patients (49%) were asymptomatic at Therefore, post-thrombotic limbs had a 42% (5/12) crude ulcer recurrence rate compared with 0% (0/30) in limbs with primary valvular incompetence (p Ͻ 0.001). Life-table analysis of all Class 5 and Class 6 limbs yielded 1-, 2-and 3-year recurrence rates of 7%, 18% and 30%, respectively, following SEPS (Figure 4) . The 3-year life-table recurrence rate was significantly worse in limbs with post-thrombotic syndrome than is limbs with primary valvular incompetence (60% versus 0%, p Ͻ 0.05), although the standard error beyond 1 year was above 10% because of the small number of limbs at risk in this study. Clearly, post-thrombotic limbs did not respond very well and deep venous obstruction was a significant predictor of ulcer recurrence (p Ͻ 0.0001).
The safety of endoscopic perforator ligation was also confirmed in the North American SEPS (NASEPS) Registry. 39 In the most recent report, 40 results of 146 operations were included with a follow-up that averaged 24 months. Wound complications occurred in 6% and deep vein thrombosis occurred in one patient at 2 months after surgery. Cumulative ulcer healing at 1 year was 88%, with a median time to healing of 54 days ( Figure 5 ). Ulcer recurrence at 1 year was 16% and at 2 years it was 28%, with a standard error less than 10% ( Figure 6 ). Post-thrombotic limbs responded worse than limbs with primary valvular incompetence. Post-thrombotic patients had a 46% 2-year cumulative recurrence rate versus the 20% 2-year recurrence rate of those patients with primary valvular incompetence (Figure 7) . A total of 122 patients had active or healed ulcers at the time of SEPS, and 23% of these, 28 patients, had new or recurrent ulcers at the final follow-up. Although these recurrence rates were high, they still compared favorably to results of non-operative management ( Table 1) . 1, 16, 41, 42 In addition, significant clinical improvement was documented using a clinical scoring system even in those patients who had ulcer recurrence or new ulcers. Pain was less severe and the size of the new or recurrent ulcers was smaller, allowing easier management and less disability. Data from other centers on the results of SEPS have been accumulating, although the mean followup in most studies has not been beyond 2 years (Table 2) . 9, 31, 33, 34, 38, 40, 43, 44 A prospective randomized study from Holland has also been published on the advantage of SEPS over open ligation of perforating veins. The study, which included 39 patients, reported a wound complications rate of 53% in the open ligation group versus 0% in those patients who underwent endoscopic perforator ligation. Clinical results of ulcer recurrence, however, were similar, and during a mean follow-up at 21 months no ulcer recurrence was noted in either group.
Hemodynamic results of perforator interruption
Some of the controversy surrounding perforator interruption is attributed to the paucity of convincing hemodynamic data supporting its efficacy. In a recent report, we published results of hemodynamic studies using strain-gauge plethysmography to assess calf muscle pump function, venous incompetence and outflow obstruction, before and within 6 months following endoscopic perforator vein surgery. 24 Strain-gauge plethysmography demonstrated that calf muscle pump function following surgery was significantly improved compared with that before the operation (Figure 8 ). Venous incompetence also improved as demonstrated by the prolonged duration to refill following exercise and by a decrease in refill volume following passive drainage. Most importantly, improved refill rates correlated with the clinical improvement of patients ( Figure 9 ).
When hemodynamic changes in patients with primary valvular incompetence were analysed and compared with those of patients with post-thrombotic syndrome, it was noted that hemodynamic improvement was significantly better only in limbs with primary valvular incompetence. 24 However, similar to findings of Burnand et al 19 and Stacey et al, 45 we were not able to show significant hemodynamic improvement in post-thrombotic patients. It is important to note, however, that the number of patients studied in this subgroup has been low. In our series, seven patients were studied, while studies reported by Stacy et al included eight post-thrombotic patients.
A recent report by Proebstle et al 46 contained important hemodynamic data obtained before and 2 months after 40 SEPS procedures. The strength of this study was that, similarly to a previously published report by Akesson et al, 21 dynamics by light reflection rheography in 58% of the limbs. No improvement was noted in 32% and results were worse in 10% of limbs. However, similar to our findings, 24 improvement in patients with post-thrombotic syndrome did not reach statistical significance. Pulmonary embolism or death related to the procedure have not been reported. The NASEPS Registry reports from larger centers provided data on rapid ulcer healing. Ulcer recurrence at 2 years after SEPS is 10-15% in series from single institutions, and, expectedly higher, is 22% in the multicenter NASEPS Registry. These results compare favorably with series of non-operative management. SEPS, together with ablation of the superficial reflux, should be offered at present to surgical candidates with advanced chronic venous insufficiency if preoperative studies confirm perforator incompetence and exclude significant deep venous occlusion. Patients with primary valvular incompetence will have a predictably good clinical outcome and improved hemodynamic results. Ulcer recurrence in post-thrombotic limbs remains high, but postoperative clinical improvement (pain, ulcer size and number of recurrent ulcers) is obvious even in patients with recurrent post-thrombotic ulcers. A prospective, randomized multicenter study is still needed, however, to provide level 1 evidence that the clinical and hemodynamic improvement is directly related to interruption of incompetent perforators.
